At the temperature of 689-943 K MoO 3 was reduced into MoO 2 (or also into Mo). The synthesis of Mo 2 C proceeded at the temperature of 973-1,189 K. In this temperature range also reduction of TiO 2 into Ti x O y took place. The synthesis of titanium carbides proceeded at the temperature t C 1,285 K.
Introduction
In the Mo-Ti-C system, it is possible to obtain a number of phases, such as TiC and Mo 2 C. TiC is characterised by high hardness, strength, high Young modulus and high wear resistance at relatively low density. Mo 2 C is characterized by high hardness and wear resistance, it is fireresistant and catalytically active.
The addition of Mo 2 C and TiC to the cermets has remarkably improved their mechanical properties and microstructure [1] .
Analysis of the course of the process of simultaneous synthesis of molybdenum carbides and titanium carbides was the aim of this study. Composites of transition metals carbides often demonstrate better properties than the individual components. In a standard way such composites are obtained by mixing the prepared carbides. The components are present in such mixture as separate phases. It was assumed, that by carrying out the simultaneous synthesis of the components a better homogenization will be obtained. In general, the studies concerned the synthesis of transition metal carbides in multistage processes, involving nanometric reagents [2] [3] [4] [5] [6] .
(NH 4 [7] . Thus, the synthesis of carbides proceeded in the system MoO 3 -TiO 2 -active carbon. In the study [8] , the results of research on the synthesis of mixed carbides (Ti, Mo)C were described. It was reported that they are characterized by good properties as ceramic materials. It should be noted that in case of carbides syntheses in multicomponent systems phase diagrams have important meaning. Phase diagram of the MoTi-C system has been given in work [9] . Thermogravimetric measurements were carried out on SDT Q 600 apparatus (TA Instruments). Volatile products of proceeding transitions were identified by mass spectrometry method. Pfeiffer Vacuum ThermoStar GDS 301 apparatus was used. While investigating the influence of parameters on the phase structure, the samples, placed in quartz tube under an argon flow, were heated in the furnace with programed temperature. The phase structure of solid products was identified by XRD method. X'Pert apparatus from PANalytical with a copper X-ray tube with current voltage of 35 kV and intensity of 30 mA was used. Processing and analysis of XRD spectra was performed using X'Pert HighScore 2.2 software with incorporated ICDD spectra library. Morphology of the samples was studied by SEM method. HITACHI SU apparatus with THERMO FISHER NORAN 7 microanalysis adapter was used.
Thermal decomposition of (NH 4 
Results
The course of the process was considered on the basis of thermogravimetric studies. In turn the influence of parameters (initial composition of mixtures, temperature, time of samples heating) on the phase structure of received materials after the synthesis was determined on the basis of syntheses conducted under argon atmosphere in the furnace with programed temperature.
Thermogravimetric studies
The samples were heated in argon at the heating rate of 5 and 10 K min -1 . The mass of the samples was in the order of 30 mg. The changes of sample temperature in time, TG, DTG and HF functions and mass spectra of volatile products were registered. Figure 1 presents the comparison of trajectories of DTG curves registered during the thermal decomposition of the samples of compositions: (1) ( or also into Mo), and synthesis of Mo 2 C. On the basis of the carried out measurements one can conclude, that as a result of TiO 2 reduction the DTG peak, related to the synthesis of Mo 2 C, is shifted into the range of higher temperature.
In Fig. 2 3 , by oxygen contained in argon at trace level. During the reduction of MoO 3 into MoO 2 (or also into Mo) CO 2 was mainly produced, and during the synthesis of Mo 2 C mainly CO was formed. In the last stage CO 2 and CO were formed. In all the tests the stipulated stages of the process were distinguished.
Influence of parameters on phase composition of samples after synthesis
The measurements were carried out at temperature of 1,523 K. At this temperature carbothermal reduction of nanometric TiO 2 takes place [3] . Figure 3 shows, as an example, XRD diffractogram and scanning image of the sample of composition Mo/Ti = 1.6 mole mole 4.0x10 -9 6.0x10 -9 8.0x10 The influence of carbon content and molybdenum fraction on phase composition of the final product was also investigated. In the first case the mixtures of invariable composition Mo/Ti = 1.6 mole mole -1 were used (the samples were heated for 4 h at 1,523 K) and the carbon content was being changed in the range of 2.5-18.17 mole mole -1 . In the second case the mixtures of constant carbon content, equal respectively C/(MoO 3 ? TiO 2 ) = 4 and 10 mole mole The analysis of the phase composition performed by XRD method indicated the presence of TiC (ICDD Card 00-001-1222) and of two components remaining in small amounts i.e. the phase corresponding to (Mo, Ti)C composition and the amorphous carbon.
In after heating in argon at 1,523 K for 4 h. In this sample the dominating phase was Mo 2 C (ICDD Card 00-035-0787). In addition TiC (ICDD Card 00-001-1222) and trace amounts of free Mo (ICDD Card 00-042-1120) were identified.
The studies on influence of carbon content and molybdenum fraction in initial mixture, allow assuming that, at the molybdenum contents in the range of 0.1 B Mo/ Ti \ 1.6, the composite of well-mixed components, in the form of microparticles of titanium carbide containing dispersed nanoparticles of Mo 2 C was obtained. In turn at the ratios of Mo/Ti C 1.6 mole mole -1 the composite in the form of Mo 2 C microparticles containing dispersed nanoparticles of titanium carbide was obtained.
Conclusions
The The synthesis of titanium carbides occurred in temperature range t C 1,285 K. Mainly CO 2 was evolved in this process.
The investigations on influence of parameters on phase composition of the samples after the synthesis demonstrated that the carbon fraction in the initial mixture, expressed as the ratio C/(MoO 3 ? TiO 2 ), ensuring total conversion of the substrates, should equal at least 3.5 mole mole -1 for Mo/ Ti = 1.6 mole mole -1 . The fraction of molybdenum, expressed as the ratio Mo/Ti contained in the range of 0.1-1.6 mole mole -1 enables obtaining of the composite in the form of submicron particles of titanium carbide containing dispersed nanoparticles of Mo 2 C. At the ratio Mo/ Ti C 1.6 mole mole -1 the composite in the form of submicron particles of Mo 2 C containing dispersed nanoparticles of titanium carbide was obtained. Simultaneous synthesis of molybdenum carbides and titanium carbides 257
